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A Study of Possible Meteorological Influences on Polynya Size
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●
,A@ynya is rigorously defined as an irregularly sha~ o~ning

enclosed by ice which may contain brash ice or uniform ice of markedly

thinner ice than the surrounding ice(Stringerf Barnett? and G05inF

1984) e Polynyi are frequently de~cribed in the literature as

non-linear own water areas surrounded by sea ice without mention of

whether an attempt was made to clearly differentiate the ogen water

from thin ice or if such a distinction was possible.

I?olynyi are inpcxtant

oceanographic, and biological

(1) The own

imgxxtant habitat

for the understanding

phencanena in the Arctic.

water of the polynyi

for migratory water fowl

mammls(~tirling and CIeater, 198D.

(2) Their formation can be ~rt of

pattern of break-up and melt-back of the

edge (Stringer and Groves, 1985) .

of climatic,

are

and

the

ice

(3) Polynyi formation may affect the salt

balance of the seawater in that they canbe

viewed as conveyor belt-like generators of sea

ice, a process which raises the salinity of

water contain~ within the polynya(McNutt,

1981; Schumacher, l%gaard, Pease, and Tripp,

1983)  ●
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. ..—  “(4) Their

presence can

other offshore

location and the time of their

be important for shipping and

econcmic activity.

Deyr Moore, and Gregory(1979)describe the use of NOAA thermal

infrared imagery for monitoring and mapping sea ice freeze-up and

break-up and a method of recldfying NOAA images. Dey(19E09describes

the use of thermal infrared images for monitoring North Water, a

polynya located in Northern Baffin *y for the months of

Novanber-Yanua  ry. They concluded NOAA thermal infrared imgesare

admixebly suited for generalized statistical analysis-of sea ice and

that boundaries betieen first- and multiyear ice and open water can be

map@ more reliably than boundaries bebveen open water and thin ice.

Smith and

formation of

the pattern of

understanding

Rig~(1981)state that the timing of freeze-up and ~

polynyi, the size of polynyi at maximm ice cover, and

break-up and disappearance are important factors for

ecological relation*ips. Using NOAA visible and

infrared imagery, Landsat imagery? and weekly ice composition maps

frcm the Ice Climatology and Applications Division of the Canadian

Atmos@eric Service, they studied 16 polynyi in the Canadian

Archi~lago from July to Novenbert 1975-1977. They repxted only

broad dates for formation and disappearance of the polynyi. They gave

no quantitative measurements of the areas.

Stringer (1982 )measured the width and persistence of the Chuk~i

Polyya for the years 1974-1981 using Landsat and NOAA imagery. The

Chukchi Polynya extends frcm Cape Lisburne to Pt. Barrcw. A

qualitative correlation was found betieen average ice- motion away frun
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the coast and the mean vector wind for all months except perhaps July.

Carleton (1981 )mapp3 the recurring polynyi south of the

l?iLHope/CaR Thompson area using Iandsat imagery. He was able to

a differentiate between o~n water and thin ice. He calculated areas

for

size

both” the open water and thin ice regions and related thei~ total

to the cl.imatiic factors of wind and temperature.

QA!Ia Am ANmysw
.

TIE C+o@ysical Institute has a libraq of NOAA imges frc,xn 1974

to the present. Furthernmre, a computerized progrti(l?olar Satelite

Iinage Digitizer) which enables orIe to rectify NOAA imagery to the UEGS

Alaska Map E and to calculate the areas of digitized features has been

e develoged  at the Geophysical Institute.
.—

It appared feasible to document the dates of ap~arance and

disap~arance  of polynyi for the Bering and Chukchi Seas as Smith and

llig~ did for the polynyi of the Canadian Archipelago as well as to

quantitatively determine the areas and relate these areas to

climatological  data as Carleton did with the Pt. Hope/CaX Thompson

pdynya. Furthermore, Carleton’s areas, derived fran mu& more

detailed Landsat imagery, could be used to check the accuracy of the

areas calculatd by ccmputer frcxn the corr~tsd NOAA images.
.

@

Nineteen polynyi [Figure 1 and Table 1} were identified. Two of

these locations, the coast between Etd in Strait and Norton Sound and

the Chukchi gdynya, are cliff icul.t to categorize. At times they fit

the standard definition of a polynya, and at other times, they would

more progerly be defined as shore leads. The feature f ran Etolin
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Strait to Norton Sound was considered as one unit whether it appeared

as a continuous shore lead or one or more distinct polyhyi. The

Chllkctd pdynya was divided inko three roughly equal segments

Kualleling the coast between Cape ILisburne and Pt. Ekmcw. This was

done so one could documenk the tines when it. was shore lead-like  or

gmlyrxya-like and hopfully discern some gattern for this type of

behavior.

Palynyi B, E, H, J, Q, and w will ke

North Coast Polynya because they form

referred to

off the north

Matthew, st. Lawrence, and Nunivak Islands and of the

here as the

coasts of St.

Yukon Delta,

Seward Peninsula, and Chukotsk Peninsula. They occur less frequentl=ye

They app2ar to. arise frcrn

which is thoughb to cane

of” N9rth Coast Polynyi “is

a reversal of the predominant wind direction

frcm the North or Northeast. Thus formation

h~othesized to result f ran a wind coming

frcm the south. As this wind may be warmer than the anbient air at

the higher latitudes and it may have traversed an extensive region’ of

ice free water in the southern Bering .Sea~

for the extensive cloud cover observed when.

Many polynyi form on the north, south,

Chukotsk Peninsula. As the emphasis In

it may also be responsible

these polynyi form.

and eastern coast of the

this report was on polynyi

occurring in Alaskan waters, only the polynya which occasionally forms

north of

r~ated to

mentioned

Otherwise

identical

the Peninstia was included as its formation appears to be

the phenanena of reversal of the predominant wind direction

above. ~is is called the Chukotsk Peninsula polynya.

the designation of individual pdynyi is essentially

to that found in Stringer (1981, 1982) and Smith and

Rigby(1981)  c



●
.

Page 5

The original intention was to digitize as many years of NOAA data

as possible. The images were processed fran January thru June on a

daily basis; each polynya was designated as frozen, obscured by cloud

cover, not available, or fused with the main body of o= water (Tables

4-21) ●

Determhing the area of’ 19 polynyi on 180 individual days

involves an u-r limit of 3400 individual measurements

This number of measurements proved to be an insurmountable

per year.

task for

the “ total nmber of years of NO~ imagery available because of the

time required to rectify sane imagery which displayed-extensive cloud

cover. Therefore, in this workj only the years 1974, 1975, and 1976

were processed. In 1974 it was possible

polynya on 95 days of a possible 189.

are 107 out of 181 and 131 out of 212.

to digitize at least one

The nuubers for 1975 and 1976

. Every available image was examined in an effort to obtain the

. mat continuous record possible for each of the 19 polynyi. If a

choice was possible, visible images were usually selected over thermal

infrared. If further selection was possible, the choice was made on

the basis of the extent

reijistry points visible.

of distortion and/or the quality of the

Digitization of polynyi wasn’ t uniformally  straighifoiward.  In

January and February only IR imagery was available; frequently there

was no imagery at all. The border between first year and thin ice and

open water was hard to find. Sometimes a polynya would a~ar

_iat&ly off a coast as a dark band which would grede inperceptfily

into the mass of pack ice. One might hypothesize that in these

.
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szmacums tne opm water ot the polynya was r reezuq as raplcuy as Zt

was being formed. In still other cases, a polynya was partially

visible through light cloud cover. In these cases? one could

occasionally verify that the substandard view of the polynya was

suitable for digitization because it was compatible with completely

clear views of the polynya either immediately before or aftkw the

imge in question.

In other cases? the registry points were difficult to locate

pKecisse.ly. Difficulties in locating regi,:try

pdynyi being placed slightly out of al igmment

features with which they were associated.

pointis resulted in

with the coastal.

Fortunately this

misalignment was more likely to occur in an east-west

in a north-south one~ an in-portant distinction when

calculated based on a polar stereogra~ic map like the

It was concluded that minor misalignments did not

direction than

areas are being

Alaska k?!p +.

change the area

enough to be noticeable given the error inherent in the digitization

itself.

Each polynya was digitized at least twice. This was to serve two

purposes. First, it was desirable to learn hcw accuratdy one could

reproduce the area of a given polynya under optimal conditions and

under marginal

between genuine

in the method.

conditions. Second,

daily area fluctuations

The following conclusions can be

it allows one to differentiate

and variability due to error

made: (1) It is hard to

accurately measure areas of less than 200 square kilometers; the error

is frequently greater than 10%; (2) E&ween 300 and 1000 square .
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mm NoAA imagery

Page 7

is 10% or less? and (3) over 1000 square

mud less than

Thcmpson/Pointi

10%.

Hope I?olynya which CaJ5etxm

LandSat imagery were compared with areas calculated

for the same day (Table 2) .

Under ideal conditions where’cloud cover is no in-pediment and
. .

where extent of the polynya is not ambiguous such as frequently occurs

in June, agreement between areas calculated frcm La&at and NOAA

imagery is very acceptable (Table 2). Areas of greater than 2000

square kilometers agreed within 10% or less. Areas of less than 2000

square kilometers

these smaller areas

REs?.Em

agreed less well. However, there were fewer of

for ccmparisox=ie

A monthly comparison of the ~ttern of

disap~arance of the nineteen polynyi utilizing the

the digitized polynya areas organized by the month in

appearance and

daily r~ords of

Tables 4-9 for

1974, Tables 10-15 for 1975, and Tables 16-21 for 1976 is given below.

JANUARY: Ohly in 1975 was imagezy available. All of it was

infrared imagery.

or so obscured by

On January 2

kilcineters were

On 20 out of 31 days imagery was either unavailable

cloud cover as to be unuseable.

two large polynyi of the order of 10,000 square

observed south of St. Lawrence and Nunivak Islands.

Everything visible north of Bering Strait was frozen.
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A week of clear weather between January l%h and I?th revealed

pdynyi south of of St. Lawrence “and Nuni,vak Islands, in Norton

Sound, off the Seward Peninsular in the Cape lLisburne region and north

o of P’& Lay. Some of them were quite extensi~e

FEBRUARY: In 1974 virtually no imgery was available. In

approximately the last week of February visible imagery became

regularly available in 1975 and 19’76. This is the last month for

which it was necessary to use infrared imagery for area Calculations.

Eighteen of the nineteen polynyi were recorded at least once in 1975

and 1976 e In 1976 there is a continuous record of area measurements

for the %rton Sound polynya which sgans 18 days; if one neglects one

intervening cloudy image; the contiguous record extends foi 25 days.

o
In 1975 many polynyi be=me quite large--of the order of 10,000

square kilometers in 1976 the largest polynyi were only half that

size. In 1975 on February 8th, a huge linear polynya formed which

extended frcm the north shore of I?orton Sound to Pt.

February 24 a second huge linear polynya was present fran

Strait to Pt. Barrcw.

A third conspicuous feature of 1975 is the frequent

Lay, and on

the Berimg

presence of

the North Coast Polynyi hypothesized to be associated with reversal of

the predcdnant wind direction. All of these polynyi except the one

m

that forms to the north of St. l?atth~ Island were present on

February 8th. The Yukon Delta polynya(J) could be seen for a period

of 6 days with one intervening cloudy day; it was fused with other

polynyi and the combined area was of the order of 10,000 square

kilometers. The Kotzebue polynya((2) codd be seen for nine days
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starting fran February 8th including one intervening day for which

there was no suitable imgery. In this period its area averaged

approximatdy 10~000 square kilometers. During 19’76 the Kotzebue

polynya(Q) and the Chukotsk  Peninsula polynya~) were present at the

end of February; the areas of the polynyi in 1976 were much smaller “

th&n was observed in 1975.

mCH: Imagery was unavailable fbr

of !&rch 1974, and three days were

~lynyi could be digitized. h 1975 ten

eight days in the beginning

cloudy to the extent that no

days were cloudy and two were

unavailable. In 1976 four days were cloudy.

The I%3rth Coast Polynyi were present fr~uentl y in the beginning

of 1976 and :somewhat less frequently in 1975. There are indications

that the Kotzebue polynya (Q) might have been present through most of

March 1976. As was noted earlier, one of the possible consequences of

formation of a polynya sud as the Kotzebue polynya because of a warm

wind coming from the south which has passed over large regions of open

water is that the formation may be associated with extensive cloud

cover. Accordingly,

formed by the action

increased cloud cover

in those cases where North Coast Polynyi are

of winds fra the south~ the accompanying

decreases the chances of observing the complete

pattern of the formation and disappearan~  of these features. Thus

while it is possible that the number and size of North Coast Polynyi

in the beginning of March 1975 may

exceeded those recorded in 1976?

prmented documentation of this. On

‘Delta polynya(I)  was

area of o~nwater of

fused with the

have at least equaled if not

the extent of cloud cover in 1975

March &h [he Etdlin Strait/Yukon

Yukon Delta

14,000 square kilometers.

polynya (J) to

Every other

form an

polynya
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“that could be observed on March 8tb was a

it seas reasonable that this situation was

days preceding and following P?rch 8th.

made for the pericd B&rch 1-13, 1974.

Page 10

North Coask polynya. Thus

present on the many cloudy

The same argummt could be

St. Matithew and Nunivak Islands ap~ar to always have sane open

water off’ their coasts after mid-March.

=~: F& least one polynya per day cotid be

of April for all three years. Many polynya in all

alnst complete daily record of area measurements.

digitized for mosti

three years have an

.

Im 19’76 polynyi north of the Berimg Strait were either frozen or

snail in area; few North Coast polynya formed anywhere.

In 1975 huge pol~yi formed north of the Bering Strait for the

first half of March. The area of these polynyi “was roughly 25,000

square kilometers. The Yukon Delta polynya (J) and the Kotzebue

polynya(Q) were present on at least a third of the days.

In 1974 polynyi associated

became connected to the main

Bering Sea by the end of April.

with Nunivak and St. Mattkw Islands

body of ice free water in the southern

MAY: ~ 1974 there was only one completely cloud covered day.

In 1975 there were seven days where imagery was not available and two

days with complete cloud cover. In 1976 there were five days of

cmplete cloud cover.
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In 1974 St. mtthew, Nunivak ?

Fdxilin Straiti /Yukon Delta polynya

and St. Lawrence

were connected to
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Islands and the

the main body of

ice free water in

it ap~ars likely

ice free water in

the southern Bering for the whole of May. In 19’75

that St, Matthew and Nunivak Islands were joined to

the southerfi, Bering by mid-Ylay but extensive cloud

cover or lack of suitable imagery makes this difficult to determine.

In 1976 it a~ars that Ste Matthew, Nunivak and St. Lawrel”l=

Islands mighti have remained surrounded by ice scmewhat later into Ply

than was the case in 3974 and 1975. Hcwever, extensive cloud cover

makes this difficult to judge.

M North Coast l?olynyi were observed forming in 1974 or 1975.

This @enanena  may have taken place in 3976.. Hcwever, it is cliff icult

to tell if what was observed was due topolynya formation or melt back

of the ice edg~e

The Norton Sound polynya (K) was

nmnth of May 1974 and by the end of

well developed for the whole

the month had connected with the

main body of ice free water in the southern 13ering  Sea. Its area was

between ten and twenty thousand square kilometers. In 1975 and 1976

the Norton Sound polynya was considerably smaller at this time of the

year until the end of the month. Itwasn’t possible to determine if

the Norton Sound polynya be=me connected with the ice free water of

the southern Bering Sea in Pay of 1975 or 1976.

The group of polynyi north of the Bering Strait became quite

large in 1975. A large polynya of approximately 30,000 square

kilometers extended frcrn Pt. Hope to Pt. Barrcw during the last five

days of My. While a similar polynya enlarged to 20,000 square
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‘~~~~~~ers  by the end Of 1974, it seems apparent that tihere was

considerably more o~n water north of Pt. Hope in 1975 than in either

1974 or 1976. Finally there seems to be sane indication” that own

a
water may form more frequently?  earlier and more extensively north of

Pt. HoP” than south of that location.

JUNE: In 1974 the Bering Sea was essentially o~n as far rmrth

as Bering Strait frcm June Ist cm; in 1976 these conditions ap~ared

Jume 6th. In 1976 the Norton Sound polynya (K), though fused with

~lynyi to the north, was still a distinct entity until Wne 14th.

Not until June 26, was the imagery sufficiently cloud free to, document

that the Bering Sea was essentially open water north to Bering Strait.

It seems agqxuent that the ice went out later in 1976 than in 3975 or

Thus, it is evident that polynya formation in June is confined to .

the PLo HOP Cape Lisburne area and north. For the first ten gays

of Yune 2975 a hu~ polynya frcxn roughly Cape Thompson to l%. Barrm

attained an area of 50r O00 square kilometers. Extensive cloud

for the rest of the month obscuxed the fate of this o-n water.

cover

In 1974 and 1976 the pattern of polynya formation is that of many

smaller, more polynya-like patches of opm water in contrast to the

huge shore-lead like feature observed in 1975.

e JULY: No pdynya were digiti.zed for 1975; 1975 wasa heavy ice

year, and the ice rmaind off the coast north of Icy Cape for most of

that summr. In 1974 o~n water extended frcm the Bering Sea north to

Icy Cape ~ June 5th. M 1976 this wasn’t observed until July 23rd.

In 1976 the family of polynyi frcm Pt. Hope to Pt. Barrcw were
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a
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as smallf discreet polynyi and not as the huge shore

in M-15.

:

There were several approaches taken in an attempt to relate the

polynya formation patterns to c1 imatic conditions

Certain generalizations can be made about the three years. 1976

contained a large number of days for which it was possible to obtain a

continuous record of polynya formation. On the average, ~lynyi in

19’76 tended to be small or frozen. - The ice a~rently went out later

in the Bering Sea in 19’76

The nnst conspicuous

o the ice edge.

many

——— —..

1975 was selected as

large polynyi formed

than in the other years.

feature of 2974 was. the early melt-back of

the year for more intensi-ve study because so

that spring.

The approaches considered for relating @ynya formation to

climtic events were 1) an attmpt to correlate monthly weather

changes at St. Paul Island, Nome, Kotzebue and Barrcw with polynyi

formation (Table 3) , 2) an attempt to corrdate the weekly 700 mb maps

published in ~ ~ &?&w with polynya formation, and 31 an

attempt to correlate daily weather changes at Kane, Kotzebue,  and

e
Barrcw with sane of the more dramatic polynya formation events in

1975,
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iU4NUARY:  Monthly temperature averages for E&. Paul Islarldp

Nom, Kotzebue and Barrow were 4 to 6* C colder than the 30 year

averaged tem>ratures at these stations. Thepredminant direction of

the wind was norml at each station in 1975; no 30 year averaged

dcmuinantwind direction is given for Sk. Paul Island. Nevertheless?

a large pdynya was present south of Ste Lawrence Zsland for January

2* T!he weekly 700 ti pressure map for the. pericd December 31,

M74-January 4, 1975 shcwed a low extending over Alaska and the Arctic

Ocean which directed cold air f ran the North. Wagner (1975) described

this ~riod as extremel,y cold. The pressure map for the period for

which an ~.xtetied record of polynyi formation was docunented(January

12-17)shcwed a low in a similar position.

FE$3RLTAF!Y: Manthly temperature averages at St. Paul Island and

Ncxne in 1975 were 2B C colder th&the 30year average; at Kotiebue

and Barrow average temperatures were 3° C warmer than usual.” 1974 and

29’76 were 5 to 69 C colder than 1975 atNane, Kotzebue, and Barrm.

It would ap~ar that the clear cold weather in 3976 was responsible

for the long

that year.

Monthly

continuous records of polynyi formation noted earlier for

prslominant  wind direction for the three locations was

normal in 1.975.

The 700 mb pressure map(V?agner, 1975) for Februa~ 4-8, 1975 shins

a region of high pressure over mainland Alaska which inplies a wind

frcm the south over the Bering and Chuckchi Seas. Much”of the-imagery

for the first
.
cloud-covered.

week of February 1975 revealed the

The pressure map for February U.-15

whole region was

implies a wind
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fxxxn the North, a product of a region of high pressure stretching f ran

off the Alaskan Coast to the Chukotsk Peninsula. This accounts for a

clearing of cloud cover which allowed fairly complete daily resords to

be ccmpikd for polynyi for the pericd February 8-16. Many of tihese

polynyi were North Coast Polynyi. The pressure map for February 18-22

looks similar ho the previous one. Cloud cover increased and not as

many polynyi were observable. On the February 25-B’kmch 2 pressure map

the low present on the previous maps has moved intio the eastern Bering

sea.

DE&Iy pdynya records for

February tkh and February 24th.

February 1975 were insp2@xxl for

On February 8th a large polynya was

observed stretching fran the north shore of Norton Sound to Pt. Lay.

On February 24th a huge polynya formed frcm fran the Bering Strait to

Pt. Barrow.
.

Wind and temperature

around February 8th in a

an effect around Februav

At Kotzebue prior to

records which seemed to explain observations

straightforward manner dent t have as obvious

24.

February 8, the winds were recorded as

ori@nating  from the SE, S SW? or W and the temperatures were -10” C

on the average; these conditions are departures f ran the norm. Qn

February 8th, the winds shifted and nm originated fran the N, NW or

e NE; the temperatures fell rapidly to below

days follcwing were quite ccld (-20 to -30°

the E or SE. This sequence of events fits

-20° C on the average. The

C), and the winds came frcm

the hypothesis that polynyi

are f ormd by winds f ran the South under conditions of relatively warm

temperatures and perhaps extensik cloud cover and then revealed by



.
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SUbsquent ~riods of colder winds frcm the North which dissipate

earlier cloud cover.

At Kotzekme on February 24 the temperatures were very cold(-30° Co “ and kwer) and a wind frcm
f?xxn the NE by the end of

characterized by winds fran

the south or SW shifted to the orig.inatie

the day. The succeeding days were

the N or NE and warmer temperatures(+12°

C); preceding days were characterized by winds frcm the north which

were either very cold(-30° C and lower) or warmer(+12°  C) and periods

of winds from the south with very cold temperatures.

At Pt. Barrow on February 8th winds were recorded as originating

frcm the West and Nw, and the temperatures were around -25* Cwhich is

still wamr than average for this time of the year. Prior to

o
February &h the winds were frcxn the SE, S or SW and the temperatures

were very cold(-30 to -35° C). The succeeding days were characterized

by winds fra the north and cold (-30° C).

MARCH: The monthly temperature average at St. Paul Island was

2° C colder than the 30 year average. The monthly temperature at Ncme

was average(approxirratel.y -14* C); montil.y  temperatures at Kotzebue

and

wind

year

Barrw were

direction was

predominant

wind was frcm

3 to 4“ C higher than average. Monthly predominant

frcm the east; normal for Ncme. At Kotzebue the 30

wind direction is listed as East for March; in 1975

the ESE. At Barrcw the 30 year predominant winde this

direction is from the ENE; in 1975 this vindwas fran due east.
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CcanParison of the monthly 700 rrb pressure map for March

1!375 CEaubensee, 19’75) with pressure maps of the years for which NOAA

imagery is available and for which ~I&athex ~ p~ishes a

monthly weather map (197 4-19811 reveals that a high pressure center

commonly located north of the Chukotsk Peninsula was located north of

the MacKenzie Delta in 1975. The appearance of a region of high

pressure  over Bering Strait for a week or two is fairly cmmon having

been present for five of the eight years investigated. mrch 19’75

displayed this unusual behavior for the the whole month. Monthly

pressure

slightly

The

weeks in

maps for Ylrch ccmumnly have a kw” pressure center situated

south of the Bering Strait which was also the ‘case in 19’75.

weekly pressure maps (Taubenseet 19751 for the first three

March documnt the formation of this high on the Alaska/Yukon

border and its progress north to a position off the MacKenzie Delta.

For the last week in March the region of high pressure remained

rdatively stationary and in the foirst week in April? it mdved

slightly to the west.

an unusual position for

earlier much of March

Thus this region of high pressure rmain&? in

approximately five weeks. & was noted

was character tied by extensi~w cloud cover.

However, the ~lynyi that were visible were frequently the North Coast

Polynyi which form in Norton Sound and north of the Bering Strait. By

contrast St. Matthew, St. Lawrence, and Nunivak

typical polynya formtion to the south as might be

typical weather ~ttern displayed by the I’@rch monthly

map for the Bering Sea.

Islands showed

dictated by the

700 m pressure
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& March 8th and March 24th seem likely candidates

daily weather effects, The EtOlin Strait-Yukon Delta

with the Yukon Delta polynya ? the Kotzebue polyn’ya and

●
Peninsula ~lynya were all observable on the same day.

for studying

polynya fused

the Chukotsk

=: Monthly temperature averages were 2° C colder than normal

for St. Paul Island, Ncme? Kotzebuer and 13anxw. The predcmi=nant

wind direction at Kotzebue was normal when ccm~red with the 30 year

average (Table 3) . At Barrcw the normal wind direction is frun the N&

but, im 1975 the predominant wind came frcrn ES& At Nome the normal

wind direction is frcm the north, but in 3975 the predominant wind

-e from the NE. The monthly 700 mb pressure map (Wagner, lfT751 is not

conspicuously different frcm tihat

@

Inspction of the weekly 700

April 1975 reveals the region of

\

recorded for April in other’ years.

mb pressure maps (Wagoner, 3375) f or

high pressure north of the MacKenzie

Delta in t!!rch moved west to a position north of Alaska the first week

of April and into a position north of western Siberia in the second

week. This implies winds fran the south or east in the Chuk&i Sea

for the first week and winds frcm the north in the second week.

This ~riod in the polynya record (Table 13) is characterized by

formation of North Coast Polynyi and the enlargement of the Chukchi

~lynya to 25,000 square kilometers for at least the period f ran April

e 2 thru April 12. Mter April 15 the Chuk~i polynya had ccmpletd y

frozen over or closed decreasing fran 22,000 square kilometers to zero

in 48 hours. For the remainder of April this polynya r~tis smmll~

frozen, or closed. The Kotzebue polynya traces a similar pattern.

r



r
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4

The Yukon Delta polynya~ a North Coast. Polynya? was small in area

or frozen prior to April 15 and became much larger after April 15.

!&is beliavior, contrasted to that described above? inplies that

o climatic events effecting polynya formation north of Bering Strait may

be different from those effecting polynya formtion to the south.

easy

Daily tem~rature and wind records at Kotzebue and Barrm are not

to interpret,

MAY: Monthly temperature averages were approximately lU C lower

in 1!?’75 than the 30 year average at St. Paul, Ncme~ and Kotzebue; the

mcmthly temperature average was normal at Elarrai(-7°  C). Monthly

predominant wind direction was no’imal at Nmne? Kotzebue and

Barrow (Table 39. Except for keing scmewhat colder than average (and

0
even here the departures weren’t as extrane as they were in previous —
nxmths)~?y is ap~renlily an

Weekly 700 mb pressure
.

high pressure area near

unexceptional month.

maps(Dickson, 1975)shw the presence of a

Banks Island for the week of May 6-10. No

North Coast Polynya are recorded for l??y 1975. After May 12 the

Chukchi polynya has fused and is quite large.

Daily temperature and wind direction for Kotzebue and Barrcw are

quite variable for mid-May.

●
It is not possible to determine if the increase in size of the

Chuk~i polynya is due to lomtion of a high pressure region near

Banks Island, to the inpending break-up, or sane undetermined cause.
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Rage 2(3

JUNE: T&2 ice edge has advanced to the entranoe to Norton Sound

by the first of thernonth  andwithin Kotzebue Sound by the end of the

month. Monthly temperatures at Nome and Kotzebue are 2 to 3° C lower

than normal: at 13arrcw the temperature is normal ( 8° C). Predominant

winds are normal at all locations (Table 3) .

Weekly 700 mb pressure maps don? t -shcw any ancxnalous high

pressure

It,

region (Taubenseet

appears possible

formation in dune 1975 are

19759 e

that_ the

those of a

The f olhxd.ng concihsicm can be

Unmual.;

only once

of spring

2) A

at this

size of the Chukchi

. .

events recorded for polynya

typical break-up season.

made :

Polynya in March of 1975 is

point it seems possible that such an event may occur

in a decade. Hmever, one must investigate a greater number

break-ups than was done here to adequately docunent this..

region of high pressure which form anywhere over the

Alaskan landmass or north of Alaska or the MacKenzie Delta and

persists for more than tio weeks is an unusual event for March.

3) Whenever the above occ~sr there . will be an increased

probability for the formation of polynyi in a&pical lodations such as

the North

such as

mast Polynyi or of atypical size for the time of the year

is demonstrated by the formation of the Chukchi polynya in

April 1975.

.
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41 Unusual polynya formation north of Bering Strait may occur

independently of such ghencmena south of Bering Sbraite Polynya

formation south of the Bering may have different climatic causes than

that north of tihe Straite

5) Although there are indications

develqment and extensive cloud cover in

.

that North Cbast Polynyi “

the  Eerincj and Chukchi Seas

are related to a wind fran the south, on the whole? climatic variables

such as temperature and wind data at specific weather stations and for

qxcific time periods have not been ac?equatdy related to polymya

formation in Lhis work.

61 The regions of high pressure mentioned above are of interest

not only because of what ap~ars to be their importance in polynya

formation; they also could be influential in the appearance of other

unusual phenanem in the Arctic Ocean.

huge sections of the fast ice off the

drift~ to the west, and collided with

River in NE Alaska. (Stringer, 1985) .

For example in March of 3975

l’!acKenzie Delta broke off,

the pack ice off the Kongakut
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-rable i:

L o c a t i o n  o+ Pol~nyi

St. M a t t h e w  Island,  South

S t .  M a t t h e w  Island,  Narth

St. Lawrence .151and,  South

S t .  Lawr~nce  Island, North

Nunivak  Island, !30uth

Nuni.vak  Island,  Nc)rth

Etolin !3trait-Yukon  Delta

Yukon Delta

Norton Sound

Nome

Seward P e n i n s u l a ,  South

Seward P e n i n s u l a ,  N o r t h

Ko-kzebue

Cope T h o m p s o n - P t .  Hope%

Pt. H o p e - C a p e  Lisburne

Cape Lisburne  *O Pt. Lay**

Pt. L a g  to Icy Cape**

Icy C a p e  t o  Pt. i3arr-ow*+*

Chukotsk  P e n i n s u l a

* Carleton(197!5)

** Chukchi  Polynya(Stringer#



T a b l e  2 :

YEAR

1974

“e o
C o m p a r i s o n  o f  Areas  c a l c u l a t e d  from Ni3AA i m a g e r y  w i t h  Areas c a l c u l a t e d  from L.andsat Imagerg.

IMAGE  W+”l% A R E A S  (square kilometers)
Landsat{Carleton,  19EW) NOAA

1 March 63 clouds

20 March

7/Q A p r i l

13 May

17 June

1975 12 A p r i l

16 May

3i5 dune

1976 i(l Febraurg

17 March

22 A p r i l

10 tlay

15 June

22130

4 1 2 5

1450

4500

i Boo
4235

4 7 5

1850

2(%%O

2i00

2 5 0 0

i 000

5 2 0 0

Boo

1100
600

2!000
4 4 0 0

3 5 0

i 500

7 0 0 0

*

*
*
*
*

150

5 0

i 50

100

50

20
i 46

60
i 00

0 \
DISCUSSION

Caa-leton  b e l i e v e s  a r e a  was u n d e r e s t i m a t e d .

N O A A  a~ea u n d e r e s t i m a t e d  b e c a u s e  OF cloud
cover.

Landsat  a r e a .  m a y  be undereskima’ted.

Pol n  a  a p  e a r s  to b e  f-used  w i t h  the
1# !ChtJ c  i po  ynya o n  t h e  NOAA  imagery.

Landsat  a r e a  m a y  b e  u n d e r e s t i m a t e d .

Landsat  area may be u n d e r e s t i m a t e d .

Polgnya  a p  e a r s  t o  b e  #used with the

~ ~oth t~p
Chukchi  PO yn a~ a r e a  m a y  be under-
e s t i m a t e d  on e s  o f  i m a g e r y .

Pol n  a  a p  ears t o  b e  #used with t h e
Chu~c#i  po!gnga.

*

s. “



MONTH

Jan

Feb

Mar

Apr

Nay

Jun

MONTH

Jan

Feb

Mar

Apr

May

Jun

Jhlrtg  Y e a r

‘Ialile 3 - b .

Thirty Year

Prfi;~kling

D i r e c t i o n

E

NE

E

N

imatrilogical  Data
e

Paul.

1974

050 -5. & 13.2

(WW -12. B 14.2 ,

340 --10.7 3, 6

0 2 0 -~, 2 5 . 2

i-l. & 1.5,  2 (j(](j +1. H 3 . 3 030 +(I, 1 9. 0 –o. 7

4.4. 9 14.3 3 3 0 +4. 1 6 . 7 3 5 0 +3. 4 2. 7 +4.  4

C o m p a r i s o n  of “[hirty  year a v e r a g e d  Climatological Data  with ‘{earlg  Climatological D a t a  at Nome.

Average 1974 1975 1974!

- 1 4 . 4 1 1 . 7 0 6 0 - 1 5 .  1 h. 5 0 7 0 -IQ. 2 4 . 7 0 4 0 -17..0 5.&

- 1 5 . 0 1 1 . 3 0 4 0 –22. 6 5. 1 Oho -i&. 6 7 . 3 0 5 0 -25.6 2.4

- 1 3 . 7 10. !5 0 4 0 -12. 0 7 . 2 0 9 0 -13.  B 7 . 9 0 9 0 -16. i 4.4

- 7 . 2 1 0 . 9 04]0 -A. 2 5. 2 0 9 0 –10. 3 4 . 3 0 5 0 -12.4 3 . 6

+1.6 10.4 060 .+.3. 4 1.7 3!50 +1.  1 2. 7 270 +-0. 6 1 . 7

-r-7. 4 10. i 2 7 0 +6. 2 b. o 2 4 0 +.5. (3 3 . 7 i 90 +5. El 3. 1

These  d a t a  w e r e  t a k e n  f r o m “ L o c a l  Climatolagical Data”,  p u b l i c a t i o n s  p r e  a r e d  From wnathe~ o b s e r v a t i o n s  m a d e  a t  St. P a u l
I s l a n d ,  Nome, EKotzebue  a n d  Ijarrrrw by the E n v i r o n m e n t a l  D a t a  S e r v i c e  o f  t e National O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n .

.

R e s u l t a n t  w i n d  d i r e c t i o n  is r e c o r d e d  i n  1 0  d e g r e e  i n c r e m e n t s  c l o c k w i s e  frum true n o r t h .
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Table U-c.

o

paris{]n  Ot “Thirtg l~ear  averaged Climatol

o

Data with Ye;)rlg ClimatOlogical  Da’ta  a

!S

I?bl.Je.

Thirty Y e a erage 1974 1975 19

MONTH Prfi;;~ling

I)irection

Jan E

Feb E

Mar E

Apr E!3E

May w

Jun M

p;r Mean
0 & s!%

--19.  B 14. 5

-20. 2 12. El

-10. 1 12. !5

-10,  h 12. El
-(, 7 10.9

+6. 4 12. 3

l?efiy~jant

D i r e c t i o n

0 6 0

0 3 0

050

060

270

.2Bo

$;;r: lle;~d~ant

“  F speed(,”ph)

-19 0 3.5

-25.  5 1.7

-17.9 4.9

- 1 1 . 1  .2.1

-1.1 4.1

+4.  2 1 0 . 8

-+-m. & 7. i

-27.  & I.&

-i7.3 4.9

-14.4 0 . 7

-1.1 7 . 5

+4.  1 6.0

Daka  at B a r r o w .

1976

. .

Table :3-d. C o m p a r i s o n  OP T h i r t y  y e a r  a v e r a g e d  Climatological Data  with Yearly Climaknloyical

“[hirty Y e a r  A v e r a g e 1974 197s

Jan ESE -26.  (1 ii.2 2B0 -~FJ, c) 5, 6

Feb E -2C3. i 10. v 310 -33.  5 2. 3

Mar . ENE --2&. 2 1 1 . 1 0/,0 -2Q. 9 2. 6

Apr iu~ -is. 3 11.5 0 6 0 _&3g,  2 6.2

May EWE --7. 2. 1 1 . 6 0 9 0 –7, 7 3.7

Jun E -*O. 6 11.3 10CJ -1. 1 2. 6

100 --:3.?.4 2. 2 0 7 0 -28. 3 2. 3

OEIO - 2 5 .  3 2. 9 2 9 0 --30. !5 I.e

0 9 0 -21. H 8.2 0 5 0 -26. 3 5.0

110 - 2 0 . 3 i.i3 OEIO -1s.9 4.9

080 -7.2 E1.7 0 6 0 -e. ~ El. 8

0 9 0 +0.  9 5 . 5 OBO +0.  El 3 . 2

These  data w e r e  t a k e n  f r o m “ L o c a l  Climatological D a t a ” ,  publication~ p r e  a r e d  from w e a t h e r  o b s e r v a t i o n s  m a d e  at St. Paul
Island,  Nome, Kotzebue  a n d  B a r r o w  bq t h e  E n v i r o n m e n t a l  D a t a  S e r v i c e  of t  e  N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o nR
R e s u l t a n t  w i n d  d i r e c t i o n  i s  r e c o r d e d  i n  10 ,degree  i n c r e m e n t s  c l o c k w i s e  f r o m  t r u e  n o r t h .

I
1
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FEBRUARY A

~ 0 1 / 0 3 2

0 2 / 0 3 3

0 3 / 0 3 4

0 4 / 0 3 5

0 5 / 0 3 6

0 4 / 0 3 7

0 7 / 0 3 8

0(3/039

0 9 / 0 4 0

1 0 / 0 4 1

i i /042

1 2 / 0 4 3

1 3 / 0 4 4

1 4 / 0 4 5

i 5 /046

1!5/047

1 7 / 0 4 8

1 5 / 0 4 9

19/050

2 0 / 0 5 1

21 /052

2 2 / 0 5 3

2 3 / 0 5 4

2 4 / 0 5 5

2 5 / 0 5 6

2 6 / 0 5 7

27/05B

2Q/059

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

c

N

N

N

N

N

F

c

c: Cloudy;

Q

N
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

“N

N

N

c

N

N

N

N

N

F

c

F:

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

c

N

N

N

N

N

F

c

T a b l e  4 .

E

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

c

N

N

N

N

N

F

c

“G

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

c

N

N

N

N

N

F

c

N:

A r e a s  of N i n e t e e n  Polyngi  i
a

Chukchi a n d  Bering  Seas in

L M

N

N

N.

N ’
~1

N

N

N

N

N

N

N

N

N

N

N

N

N

N

.N

F
N.

N

N

N

N

c
c

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

6=

N

N

N

N

N

c

c

H

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

‘N

N

c

N

N

N

N

N

F

c

I

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

N

N

N’

N

N

c

c

J

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

N

N

N

N

N

c

c

K

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

N

N

N

N

N

c

c

P

N

N

i-d

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

N

N

I’d

N

N

c

c

(3

N

N

N

N

N

N

N

N

N

N

N

N

N

b!

N

N

N

N

N

N

F

N

N

N

N

N

c

c

R

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

N

N

N

N

N

c

c

5

N

N

N

N

N

N

N

N

N

N

‘N

N

N

N

N

N

N

N

N

N

F

N

N

N

N’

N

c

c

Liw4:
-6

N

N

M

N

N

‘N

N

N

N

N

M

N

N

N

N

N

N

N

N

N

F

N

‘N

N

N

N

c

,C

w

N

N

N

N

N

N

N

M

N

N

N

N

N

N

N

N

N

N

N

N

1=

N

N

N

N

N

c

c

O
N

M

N

N

N

M

N

N

N

N

N

N

N

N

N

N

N

N

N

N

F

N

N

N

N

N

c

e

c): Open water.

x: T h e  n u m b e r  t o  t h e  l e f t  o f  a n  X  or mang X’s i s  t h e  total  area in square k i l o m e t e r s  OF two  o r  awme #used polgngi.

w
.“

N

N

N

N

N

N

N

N

N

N

N

N

N

M

N

N

N

N

N

N

c

N

N

N

N

PI

c

c

i i i / ( 4 )  i n d i c a t e s  a n  a r e a  o f  11100 square k i l o m e t e r s ,



.

L

LL

IJ.

I&

4
F3

o
in
Ill
n!

L

x

om-n

x

.8
0m

LL

&..2zLl

Lh&LL

f=
9

c1
3
*

0 0 0
i n - a o
U.i3N
.n.lnl

L3hu

Xztl
<
al

-&
m
3

Xzx
a
a!

ok

ILZL

o

222 lL z IL z z z h. u L ZLLV Uu u LJ R u u u u u u

o 0 0
z z z U. z k z z z $ u: Z,f UCJU Uu IL.u UUUCJ u

4*

N*
xz.-

lx
al
f..
m
a
e
in

x

CJZIA22 z  !& z I&z 22 IL u !4.IL !A!A z  IJ.u ok Uu Uu Uu cI-
0

s
Uzo

n

z Zzu 222 z z z u u Z.IA LLzu u u Zu u u u u z lAzlL

ho

22 z u z 22 22 Zu u 22:2= u Uzu u u u u z

Acho
mm~
0 0 0
\%\
mo~
Cllrlm ii%



Table 6. A r e a s  o f  N i n e t e e n  Polynyi in the Chukchi a n d  B e r i n g  S e a s  i n  1974.

APRIL

0 1 / 0 9 1

0 2 / 0 9 2

0 3 / 0 9 3

0 4 / 0 9 4

0 5 / 0 9 5

06/096

0 7 / 0 9 7

08/090

0 9 / 0 9 9

10/100

1 1 / 1 0 1

&2/lo2

1 3 / 1 0 3

i4/lo4

1 5 / 1 0 5

16/106

1 7 / 1 0 7

1 8 / 1 0 8

19/109

20/110

2 1 / 1 1 1

2 2 / 1 1 2

2 3 / 1 1 3

2 4 / 1 1 4

25/115

26/116

27/117

28/i18

2 9 / 1 1 9

30/t20

A

L?]

L:;

N

c

c

7560

8 4 2 0

N

c

c

c

3 3 7 0

7 1 6

4 3 6

c

c

c

1950

2 7 0 0

2340

2 7 0 0

c

2 5 5 0

N

c

c

c

c

o

0

B

F

F

N

c

c

F

F

N

c

c

c

F

F

c

c

c

c

F

c

F

F

c

c

N

c

c

c

c

o

0

F:

..,.

7 2 2 0

N

c

c

c

3 0 9 0

N

c

c

2 9 7 0

b320

5750

c

li~;

c

3 8 5 0

2A80

c

!3140

5270

c

c

N

c

c

6 0 9 0

9 . 0 1
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o
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F
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F .
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F

F
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c

F

c

c

c

c

c
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c

c

N

c

c

c

x

o
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Table 9. A r e a s  0# N i n e t e e n  Polgngi i ChUkchi  and Bering  S e a s  in 1974.

JULY A B I) E G H I J K L M P a R s T u M .-

02/lB4 o 0 0 0 0 0 0 c1 Q c1 Q !’3 o c c c c c

03/185 o 0 0 0 c1 o 0 ’ 0 0 0 0 0 0 li~y x x x c

04/lf3tl o 0 0 0 0 0 0 0 D 0“ c1 o 0 N N N N N

05/iE17 o D o 0 0 0 0 0 0 Q c1 0 c1 o 0 K) c1 F

c : Cloudyj F: Frozeni  N: NO s u i t a b l e  imagerg~ 0: Open  water.

x: T h e  n u m b e r  to t h e  l e f t  of- a n  X  or m a n y  X ’ s  i s  the t o t a l  a r e a  in square kilamete~s 0$ two  or mnre  fused pblyngi.

i .  1 1 / ( 4 )  i n d i c a t e s  a n  a r e a  OF tiiOO square  k i l o m e t e r s .
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